Transition strengths for decays from low-lying states in A ∼ 70 nuclei have been deduced from lifetime measurements using the recoil distance Doppler shift technique. The results confirm the collectivity previously reported for the 2 + 1 → 0 + gs decay in 68 Se and reveal a relative decrease in collectivity in 70 Br.
This trend is reproduced by shell model calculations using the GXPF1A interaction in an fp model space including the Coulomb, spin-orbit and isospin non-conserving interactions. The 3 In N = Z nuclei, neutron and proton shell effects can act coherently due to both nucleons occupying the same orbitals. This in turn promotes a greater sensitivity of nuclear properties, such as deformation-driving effects resulting from proton-neutron correlations [1] , to small changes in nucleon number. The A ∼ 70, N = Z region of the nuclide chart, where valence nucleons may occupy the fpg-shell, is of interest due to the deformation-driving effects of the g 9 2 intruder orbital [2, 3] and its role in increasing collectivity as the mid-shell point, located between the nucleon numbers of 28 and 50, is approached. This mid-shell region is of added interest because it is also the location where nuclear shapes vary rapidly with both nucleon number and angular momentum (e.g., see [4] ). These effects arise due to the presence of large sub-shell gaps at * Corresponding author.
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nucleon numbers of 34 and 36 (oblate), 34 and 38 (prolate) and 40 (spherical) [3, 5] . In addition, nuclei in this region have competing, low-lying configurations resulting from more than one shape, which results in the rapid shape changes with angular momentum. These features make this region very challenging from a theoretical perspective.
Reduced transition strengths can yield information on quadrupole collectivity and nuclear deformation as well as providing a sensitive test of nuclear models. Electromagnetic transition strengths (B(E2) values) between the first excited 2 + state and the ground state have previously been measured for several eveneven N = Z nuclei in the region: 64 Ge [6] , 68 Se [7] , 72 Kr [8] and most recently 76 Sr [9] . These results suggest a rapid increase in odd-odd N = Z nuclei in this region, preventing comparison with
calculations that include such nuclei [2, 10] . The present work focuses on the self-conjugate nucleus 70 Br, which resides between 68 Se and 72 Kr, in order to define the location along the N = Z line where collectivity starts to rapidly increase.
A further interest in A ∼ 70, N ∼ Z nuclei results from indications [11, 12] that small electromagnetic shifts of single-proton levels can yield different shape-driving effects, potentially resulting in different shapes across an isobaric multiplet, which in turn would result in a significant breakdown of isospin symmetry. It has been suggested that this may be the origin of the observed negative Coulomb energy difference between 70 Se and 70 Br [11] . 2 9 Be target foil housed in a plunger device at the target position of the S800 spectrograph [16] . The TRIple PLunger for EXotic beams (TRIPLEX), developed by the Köln-NSCL collaboration [17] , was utilised in this work. This plunger is designed to house up to three target or degrader foils. In this experiment only a single target and one Ta degrader foil of 403 mg/cm 2 were used. The third position housed a thin polypropylene foil, which was used to strip outgoing recoils of any remaining atomic electrons. The plunger device was used to measure the lifetimes of excited states using the recoil distance Doppler shift (RDDS) technique [18] . Data were taken for four target-degrader separations (275 μm, 323 μm, 425 μm and 4.275 mm). The three smallest separations allowed for the analysis of lifetimes in the picosecond range, whereas the large target-degrader separation (4.275 mm) was used to measure contributions arising from reactions and excitations of recoils in the degrader foil. The four quoted target-degrader separations were obtained from a distance calibration. This calibration is typically performed using a capacitance technique [18] . From this calibration it was possible to obtain accurate knowledge of the relative distances between the foils. An offset was then deduced to translate these relative distances into absolute target-degrader separations. Due to complications caused by the distortion of the foils at the edges during mounting, the offset was not deduced by the capacitance technique, but instead by calibrating to a known lifetime in the literature. The lifetime of the first 2 + state in 62 Zn, with a literature result of 4.2(2) ps based on a weighted average of several studies [19] , was used as this nucleus was populated strongly in the data from the 70 Se secondary beam. Using this result the foil separation offset was deduced to be 275(30) μm, and from this the absolute separation distances were extracted. This offset was then used to perform a separate analysis of the lifetime of the first 2 + state in 70 Se, which had been measured previously [13] . The value obtained agrees with the published value (see Table 1 ) and is discussed in more detail below.
De-excitation γ -rays from the recoiling reaction products were detected using SeGA [20] , an array of fifteen segmented highpurity germanium detectors that surrounded the plunger target position. In the present experiment, 7(8) of these detectors were placed at 30 • (140 • ) to the beam direction. Secondary beam isotones transmitted through the A1900 separator were cleanly separated from each other via their time-of-flight between two plastic scintillators placed before the secondary target position. The reaction products left the degrader foil with velocities of approximately 0.3c and were subsequently bent into the focal plane of the S800 spectrograph [16] , where they were detected and identified on an event-by-event basis from energy-loss and time-of-flight information using a compartmentalised ion chamber and plastic scintillators, respectively. This identification provided very good recoil separation and allowed for clean software cuts on individual reaction products. Data were taken with a single target foil in the plunger to identify the γ -ray feeding of the states of interest. A level scheme showing the observed γ -rays in 70 Br is shown in the inset to Fig. 1 and the intensities are listed in Table 1 . Fig. 1 Table 1 . Any additional γ -ray intensity after considering all observable feeding states was assumed to result from direct (fast) population of the state.
Lifetimes were extracted by comparing the experimental γ -ray spectra to simulations. A background was added to the simulations to accurately replicate the experimental background in the region of lifetime sensitivity. In all cases a linear background was found to be sufficient. Fits were made separately to the forward (30 • ) and backward (140 • ) SeGA rings using a χ 2 minimisation.
Simulations were generated using a dedicated lifetime code developed at NSCL [9] which utilises the GEANT4 framework [22] . The use of these simulations has been studied in detail and is presented in Ref. [23] . The simulations can be tailored to accurately replicate the experimental set-up by empirically fitting simulated particle spectra to their experimental equivalents. The simulation package allows for accurate consideration of complex feeding histories, with each feeding state having an independent lifetime and feeding intensity. Simulated γ -ray spectra with varying lifetimes are then compared with experimental data.
Lifetimes of all the observed states feeding the yrast 2 + states in this work were measured and incorporated into the simulations. The two exceptions to this are the 2 state lifetime was measured using a lineshape method with forward angle data as described in Ref. [9] , since it was too long-lived for the RDDS technique to be employed. The spectra at target-degrader separations of 275 μm and 323 μm provided the cleanest data for the 321 keV γ -ray analysis. The weighted mean lifetime extracted from these two data sets is 540(120) ps. Fig. 2 shows an example best lineshape fit for one data set. Since no higher-lying states were observed feeding the 5 [24] for the 403 keV γ -ray, the lifetime yields a B(M1;3
70 Se, the effective mean lifetimes of all three observed states feeding the yrast 2 + state were extracted in this work (see Table 1 ). Typically, delaying effects from higher-lying states result in extracted effective lifetimes that can be longer than the true lifetimes. This was found to be the case for the 4 feeding state resulted in a much shorter lifetime than that quoted in the literature. We note, however, this comes from old data [21] which has since been shown to have suspect lifetimes [13] . The simulated fits used to extract the yrast 2 + state lifetime in 70 Br, following corrections for feeding, are shown in Fig. 3 Table 1 include both statistical uncertainties and systematic errors, the latter arising from uncertainties in degrader excitation fraction, foil separation, feeding transition intensity and feeding state lifetime. The largest contributions to the systematic error were from the uncertainties in degrader excitation fraction and foil separation.
It was assumed that the γ -ray angular distributions of all depopulating transitions were isotropic. However, in the case of single/two-nucleon knockout, it is possible that some alignment of This effect is small compared to other systematic errors considered in this work. systematics for N = Z nuclei shown in Fig. 5 are compared to predictions based on the finite-range droplet macroscopic model and the folded Yukawa single-particle microscopic model [10] (solid line). B(E2↓) values from this model were calculated from deformation parameters by assuming a rigid rotor model. These calculations reproduce the overall trend well, but predict a sharp increase in collectivity at 70 Br, which is not supported by the present experimental results. Table 2 and Fig. 5 compare the present data with our shell model calculations, performed using the GXPF1A interaction [27] in the fp model space (including the f 7 2 orbit) and the JUN45 interaction [28] The monopole attractions between these are stronger than those of other monopole matrix elements (see [27] ). This results in nucleons being more easily excited from the f ). Both cases are seen in the literature across the nuclide chart (see Ref. [33] and references therein). Whilst discussions in Ref. [33] focus on 1 + → 0 + transitions, the measurement of the 3 The hindered nature of the B(M1) is consistent with our shell model calculations using the GXPF1A interaction in an fp model space, which predict a small B(M1) value for the 3 70 Br (see Table 2 ). It was found that the inclusion of the
orbit was essential to replicate the experimental B(M1) value.
The GXPF1A calculations, which give a multipole mixing ratio for 
